The influence of pH, temperature and organic matter on the degradation of the lignin-cellulose complex of coconut fibres was studied. Many fungi (deuteromycetes and ascomycetes) and bacteria were isolated from partly decayed coir. The decomposition of the coconut fibres by these isolates was estimated, imitating field conditions. Some fungi of the genera tested were able to partly decompose the coconut fibres after long incubation periods. However, the quick and total decay of the coir wrapper around drain pipes seems to be caused by basidiomycetes only.
The influence of pH, temperature and organic matter on the degradation of the lignin-cellulose complex of coconut fibres was studied. Many fungi (deuteromycetes and ascomycetes) and bacteria were isolated from partly decayed coir. The decomposition of the coconut fibres by these isolates was estimated, imitating field conditions. Some fungi of the genera tested were able to partly decompose the coconut fibres after long incubation periods. However, the quick and total decay of the coir wrapper around drain pipes seems to be caused by basidiomycetes only.
Wrappers of coconut fibres around plastic drain pipes are used in the Netherlands on a large scale. After having functioned for one or two years, however, the filter capacity may be reduced owing to decay of the coir. Although the decay of wood by soft rot fungi has frequently been investigated (1-3), the degradation of coconut fibres, with its lignin percentage of nearly 40 %, has hardly been studied, In this study different soil types with pH values ranging from 4.3 to 8.2 were tested in 2-liter jars, imitating field conditions. The influence of temperature on the rate of fibre decomposition was also investigated.
Many fungi and bacteria, isolated from partly decayed fibres, were incubated aerobically in sterile Erlenmeyer flasks containing unattacked coconut fibres, soil, and water. After different incubation periods, the loss of tensile strength and elasticity of the fibres was estimated.
MATERIALS AND METHODS
Influence of soil type, pH and temperature on the rate of fibre degradation. The experiments were carried out with 2-liter glass jars in which the field conditions of the coir wrapper were imitated (4). Tensile strength and elasticity of the coconut fibres were estimated according to ANTHEUNISSE (5). The pH of the soil was measured after suspending 10 g of soil in 25 ml distilled water and shaking for 30 min.
Isolation of microorganisms. Fungi andd bacteria were isolated from partly decayed coconut fibres derived from coir out of the field and from laboratory cultures in 2-liter jars. About 300 fungal species belonging to 10 genera and some streptomycetes were isolated on malt extract agar, pH about 5.5, or on cellulose agar as described by ANTHEUNISSE (4). The fibres, thoroughly washed by running tap water, were placed on agar plates and incubated at 25°. The fungi were identified by W. Gams and R. A. Samson of the Centraalbureau voor Schimmelcultures, Baarn, The Netherlands. Ninety rod-shaped bacteria and 20 streptomycetes were isolated by shaking shortly washed, partly degraded fibres in a liquid medium followed by dilution in tubes containing a filter paper strip (1 x 7 cm) and 9 ml of the following media: a) soil extract 160 ml (500 g clay/l); K2HPO4, 1 g; (NH4)25O4, 1 g; tapwater, 840 ml; pH 7.0, or b) 6.5 g nutrient broth (Oxoid) per litre. The dilution media were incubated without shaking at 25° for some weeks and plated on cellulose agar or half concentrated nutrient broth agar.
Incubation of the isolates on coconut fibres. Pure cultures of the isolated fungi and mixtures of streptomycetes, rod-shaped bacteria and fungi were incubated in sterilized Erlenmeyer flasks on coconut fibres which were covered with soil of recent marine origin under aerobic conditions imitating the field circumstances (5).
Data concerning tensile strength and elasticity obtained after 34-40 months of incubation, however, were derived from coconut fibres that were half buried in the soil. In that case the soil was situated on a layer of fine-structured gravel in Erlenmeyer flasks. The flasks were moistened every four months during the incubation period by the addition of sterile tap water.
Tensile strength and elasticity. Finally, the tensile strength and elasticity of each coir sample were estimated by means o:[ a modified "BAER" dynamometer using the average data of 10 fibres with a span of 5 cm. The diameter of the fracture was estimated microscopically and the strength was calculated per mm2 (5). Of each sample, the average data of 2-3 observations were used. Data obtained after 34-40 months were averages of 2-7 replicates. Control on contamination of the partly degraded fibres, after different incubation periods, was carried out by incubation of 18 fibres on malt agar plates. If the growth around the fibres was due to the inoculated pure culture the sample was used for the test on strength. Fibres damaged mechanically were omitted.
RESU LTS
Influence of soil type and pH value on coconut fibre degradation is given in Table 1 . After 12 months of incubation at 25° the loss of strength of the fibres in all soil-containing jars was above 80 % and the loss of elasticity above 77 %. No significant difference in coir break-down was observed when comparing the results in soils of pH 4.3 and 8.2. The influence of the pH on coir degradation within the limits of the experiment seems to be small or absent. The low pH of 4.3 did not 437 prevent a considerable decay of coir within one year. In sandy soils treated with a low amount of marl (pH 4.8 and 4.9), the supply of farmyard manure slightly stimulated the decay of coconut fibres. The same was true of clay soil supplied with farmyard manure.
The influence of temperature on the degradation of coconut fibres in two soils is clearly demonstrated (Table 2) . Fibres added to both soil types showed a higher loss of strength and elasticity after 2 and 4 months incubation at 25° than those kept at 11°. However, the degradation of coir at 11 ° is still considerable and consequently may be expected to occur in the field where the temperature at 50 cm below the surface ranges from about 10° to about 17° during seven months of the year (5).
The degradation of coconut fibres by pure cultures of soil fungi isolated from partly decayed coir is given in Table 3 . After 8-10 months, a loss of strength of 40-55 % was caused with species of the genera Chaetomium and Cladorrhinum, prolonged incubation not increasing the decay very much. After 8-10 months incubation, 30-40 % loss of strength was brought about by species of the genera Humicola, Phialophora and Staphylotrichum. Loss of strength caused by species of the genera Fusarium, Gliocladium, Penicillium and Trichoderma remained under 30 % after 8-10 months incubation. The rather small loss of strength with species of the genera Fusarium and Penicillium may be explained by the poor cellulose degradation brought about by these fungi, viz. 4.9 and 3.3 %, respectively, when cultivated for 45 days on rice stumps, as reported by MUKHOPADHYAY and NANDI (6) The loss of lignin in the same period of time, however, was unexpectedly high (23.~ and 16.8 %, respectively).
The loss of elasticity found in the present study mostly correlated with the los of strength, but in some cases the relation is not very clear. Although some fung caused an increased fibre decay after prolonged incubation, none of the specie; tested had decomposed the fibres completely after 34-40 months of incubation.
In order to determine whether admixtures of microorganisms might cause better decay of coconut fibres, mixtures of streptomycetes, rod-shaped bacteria, and fung were tested. From the results obtained it will be seen (Table 4) that mixed culture containing fungi of the genera Chaetomium, Humicola and Staphylotrichum alway provoked a loss of strength of 40-55 %. These results were more or less similar to the coir degradation by the pure cultures of these fungi exhibited after 16-2( months. The same is true of mixtures of bacteria and fungi containing only fung of the genera Fusarium, Gliocladium, Penicillium and Trichoderma, which have t lower fibre-degrading capacity. The rod-shaped bacteria and streptomycete tested caused a slight degradation of the fibres, even when they were cultivated as mixture. Although bacterial attack of solid wood immersed in water has alread3 been reviewed by LIESE (7), the coconut fibres under field and laboratory conditions were not submerged constantly, which probably makes the attack of the fibres b) rod-shaped bacteria more difficult. The ninety, grey-white light-brown, yellow anc orange rod-shaped bacterial strains used i n this investigation showed aerobic cel lulolytic activity on filter paper in liquid media, but the streptomycetes did not decompose cellulose after 8 weeks incubation at 25°. The attack on lignocellulose by streptomycetes as reported by CRAWFORD (8) was not observed in this study.
DISCUSSION
Some of the fungi tested in this investigation are known as soft-rot fungi i.e. wood-decaying fungi that are able to utilize cellulose of lignin-cellulose complexes. Chaetomium globosum, for instance, introduced as soft-rot fungus by SAVORY (2). has been mentioned by many authors. LEVY (9) published a list of soft-rot fungi, Influence of temperature on the degradation of coconut fibres in soil under laboratory conditions. compiled by CoRBETT (10), among which several species of Chaetomium, Phialophora richardsiae and Phialophora fastigiata occurred. Trichoderma viride was not inserted in the list since there had been conflicting reports as to the ability of this organism to produce soft rot. HAILER and D®MSCH (1) described 27 maple wooddecaying non-basidiomycete fungi (microfungi) selected from 280 fungal isolates from soil. Among them, Cladorrhinum foecundissimum and a different Cladorrhinum species were highly active. The cellulose-decomposing fungi Trichoderma viride, Fusarium culmorum and Gliocladium roseum, however, did not clearly attack the maple wood. The microfungi isolated from partly decayed coir belonging to the ten genera given in Table 3 are more or less similar to those isolated by SHARP (11). This author buried several species of wood veneer in various soils and isolated and Numbers of bacterial and fungal species used in the mixed cultures identified the microorganisms that had invaded the wood. Amongst the fungi isolated by Sharp, several species belonged to 7 genera of which representatives were isolated in the present study from coconut fibres; even the species were often similar. Unidentified streptomycetes and other bacteria were also isolated by Sharp from buried wood. Fungi of the genera Cladorrhinum, Phialophora and Staphylotrichum were not isolated from the buried wood samples. NILssoN (12) investigated 160 different species of mainly wood-inhabiting fungi. Besides the type of decay and the cellulolytic activity, the decay capacity (loss of weight) of some hard-and softwoods was studied. Species of nearly all the genera isolated from partly decayed coconut fibres were also involved in Nilsson's investigation. Species of the genus Staphylotrichum, however, were not among the wood-inhabiting fungi tested by Nilsson. The frequent occurrence of Staphylotrichum coccosporum in partly decayed coir and not in decaying wood may indicate that this fungus has a special tendency to attack coconut fibres. The losses of weight of softwood (pine) caused by Chaetomium globosum, Cladorrhinum species, Phialophora fastigiata and Phialophora richardsiae were low (viz. 2.7, 0.8, 1.5 and 1.6 %, respectively) after 3 months incubation as displayed by Nilsson. The values for hardwood decay (birch) with these 4 fungi during the same incubation period amounted to 25.2, 11.4, 11.7 and 8.6 %, respectively. These results are apparently due to the higher lignin content of the softwood (Pinus silvestius, about 28 %) as compared to the hardwood (Betula verrucosa, about 20°c). The slow attack on softwood by the 4 fungi mentioned to some extent agrees with the relatively slight attack by pure cultures of fungi of the coconut fibres which have the high lignin content of about 37 %. The wood decay by Fusarium solani, Humicola (cf.) nigrescens and Trichoderma viride was not tested by the author because these fungi were not previously known to attack wood. In the present study, mixtures of rod-shaped bacteria, streptomycetes and fungal species of 7 genera incubated for 10-24 months did not influence the rate of fibre decay as compared with the results obtained with pure cultures of fungi (Table 4) . Admixtures of ascomycetes and fungi imperfecti during the fibre decay did not lead to accelerated or retarded degradation and did not increase or reduce breakdown of the fibres. A remaining problem to be solved concerns the question why coconut fibre decomposition by pure cultures and mixtures of soft-rot fungi ceases when the fibres are only partly decayed. It might be that more actively decaying soft-rot fungi exist than have been isolated and tested in this study. The high lignin percentage (37 %) of coir may also prevent further cellulose attack by soft-rot fungi, which might mean that soft-rot fungi, also under natural conditions, are unable to decompose coconut fibres completely. Cessation of fibre decay caused by nitrogen deficiency is not likely because some white-rot basidiomycetes under the same circumstances were able to decompose the fibres completely. Moreover, nitrogen supply to some flasks with pure cultures of soft-rot fungi did not lead to total fibre decay.
SAVORY (2) remarked that under optimum conditions the decay of wood by Chaetomium globosum is as rapid as that caused by wood-destroying basidiomycetes in pure cultures, whilst strength tests have shown that wood loses its shock resistance at about the same rate following attack by either Chaetomium globosum or basidiomycetes. However, in the present study the coconut fibres were only partly decomposed by Chaetomium globosum after prolonged incubation periods, whereas white-rot basidiomycetes are able to degrade the fibres entirely within 4 months (S).
LEVY (9) suggested that soft-rot fungi may be important precursors of wood attack by basidiomycetes. The breakdown of coconut fibres by pure cultures of some basidiomycetes within 4 months indicates that the presence of microfungi as precursors of attack by basidiomycetes is not necessary. An accelerating effect of soft-rot precursors on lignocellulose decay by basidiomycetes is not likely. It is even possible that the degradation of such complexes by basidiomycetes is retarded by fast-growing, but slowly lignocellulose-decaying, fungi as has been observed once by the author. The unexplained variation in rate of decay of coir wrapper around drain pipes might be due to such a phenomenon. The total decay of a coir mat after 15 months by untreated soil in laboratory experiments (4) as compared with a total degradation by a pure culture of a basidiomycete within 4 months is an additional argument for the inhibitory effect of other microorganisms on the rate of coir degradation by basidiomycetes. Competition and inhibition phenomena between basidiomycetes and other soil fungi concerning the attack of lignin-cellulose complexes will be studied more intensively in future experiments.
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